Background: Failure to keep medical appointments results in inefficiencies and, potentially, in poor outcomes for patients. The aim of this study is to describe non-attendance rate and to investigate predictors of non-attendance among patients receiving hospital outpatient treatment for chronic diseases.
Background
Patients who do not attend scheduled appointments in hospital outpatient clinics are a challenge for the health care system. Non-attendance is resource demanding, as missed appointments remain unused and new bookings must be made. Studies have associated non-attendance with an increased risk for hospitalizations and emergency department visits [1, 2] . Further, non-attendance may interrupt continuity of care resulting in reduced health outcomes e.g. impaired diabetes [1, 3, 4] and hyperlipidemia management [1] .
A recent systematic review including studies in primary care and specialty clinics showed an average nonattendance rate of 23% with large variations according to medical specialties and continents [5] . Studies in Denmark have shown non-attendance rates of up to 14% [6, 7] .
Research has often focused on non-attendance rates from the perspective of clinics [6, [8] [9] [10] [11] [12] ; this study has chosen to focus on patients with chronic diseases. In the US and Europe, studies have reported that more than 40% of the population suffer from a chronic disease and approximately 20% live with multiple chronic diseases [13] [14] [15] [16] [17] . The prevalence of people with chronic diseases is expected to increase in the future as a result of aging populations, changed lifestyle and advances in healthcare [16, 18] . Patients with chronic diseases are usually in contact with the health care system for many years and the management of chronic disease accounts for approximately 80% of the health care budgets of Europe and the US [15, 17, 19] . Patients with multiple chronic diseases comprise up to 71% of the total health care budget [15, 17] .
As economic resources are limited and workforces in the health care sector are under pressure from the rising demands posed by the increasing prevalence of patients with chronic diseases, there is an urgent need to manage chronic diseases more efficiently [20, 21] . One area of interest in this pursuit could be the reduction of resources spent on non-attendance [22] .
In Denmark, the majority of patients with chronic diseases are managed by general practitioners, while patients with more complex diseases are referred for specialist treatment to hospital outpatient clinics [23, 24] . Knowledge about the prevalence of non-attendance and an understanding of its predictors may help to target interventions for optimizing attendance rates in this group of patients in need of long-term health care.
Many predictors of non-attendance have been examined as shown in a recent systematic review [5] but studies have often reported conflicting results as a consequence of the influences of patients, providers, and cultural contexts. In general, non-attendance may more often be predicted in those who are male, are young, are of a lower socioeconomic status, live a long distance from the clinic, have a prior history of non-attendance and have a long interval between the time at which their appointment was scheduled to the actual appointment date [5] . We find that there is a lack of studies on the predictive value of having specific diseases or several diseases. We are only aware of one such study, which found that patients with cardiac conditions have a lower non-attendance rate than those with other diseases [25] .
Therefore, the aim of this study is to investigate nonattendance by patients undergoing hospital outpatient treatment for chronic disease. More specifically, the current project addresses the following research questions: First, what is the non-attendance rate of patients undergoing hospital outpatient treatment for chronic disease? Second, what are the predictors for nonattendance among this group, especially if undergoing treatment for several concurrent chronic diseases is a predictor for non-attendance?
Methods

Study population and setting
This study is a historic register-based cohort study. We included patients aged 18 years or older who were undergoing outpatient treatment for one or more selected common chronic diseases.
The common chronic diseases were chosen according to those defined as major by the Danish Health Authority and frequently encountered in hospital outpatient settings [26] [27] [28] .
We included patients with type 1 diabetes mellitus (corresponding ICD-10 code: E10), type 2 diabetes mellitus (E11), heart failure (I50), other chronic obstructive pulmonary disease (COPD) (J44), asthma (J45), rheumatoid arthritis (M05), and osteoporosis (M80 and M81). Patients had to be in ongoing treatment on July 1, 2013 at Hospital Lillebaelt (Denmark).
Hospital Lillebaelt is a regional hospital with a rural and urban catchment population of nearly 300,000 inhabitants [29] . Information on patient appointments was extracted for the period from July 1, 2013 to June 30, 2015.
Data sources
The Danish National Health Service provides access to tax-financed health care for Denmark's 5.8 million citizens [30] . All Danish hospitals, public and private, report inpatient and outpatient contacts to the National Patient Register (NPR), which holds longitudinal data derived from the electronic medical records of all inpatients of Danish hospitals since 1977 and outpatients since 1994. NPR contains discharge diagnosis codes according to ICD-8 from 1977 to 1993 and adhering to ICD-10 from 1994 onwards [31] . Since 2000, it has also served as the basis for reimbursement via the Diagnostic Related Group system [32] . NPR comprises information on appointments that are actualized in attendance. However, NPR does not hold information on non-attendance as hospitals are not reimbursed for non-attended appointments. NPR was used to extract the study population and to obtain information on the patients' age and gender as well as on all outpatient appointments during the study period.
As non-attendance is not registered in the NPR, we used information from Hospital Lillebaelt, where nonattendance is documented in the electronic medical records. Occurrences of non-attendance are registered on a daily basis, as health providers construct a schedule based on whether patients have attended, canceled, rebooked, or have not attended appointments. Nonattendance is not registered for the first appointment of the hospital outpatient treatment course.
Further, we gathered information on patients' marital status from the Danish Civil Registration System [33] , on their educational levels from the Danish Education registers [34] , and on their occupational status and income from Danish registers on personal income and transfer payments at Statistics Denmark [35] . The links between data from different data sources are made possible using the unique 10-digit identification number assigned to all Danish citizens at birth or at first immigration [33] .
Outcome
The outcome variable was non-attendance. One appointment with or without attendance was included daily. If patients had two appointments on the same day with one registered as attendance and one registered as nonattendance, we categorized this day as attendance, as the non-attendance may have been caused by the hospital; for example, by a prolonged visit in one clinic or by a reservation of for medical imaging that was not used.
Explanatory variables
Explanatory variables were chosen based on their influence on non-attendance according to previous studies [5] . Further, we included the variables "specific chronic disease" and "number of outpatient treatment courses" as we wanted to know the influence of disease and treatment characteristics. Information on the following explanatory variables was extracted:
Age (categorized into 10-year intervals). We used the patient age on July 1, 2013. Gender (categorized as male/female). Marital status (categorized as unmarried/married). The term "married" was used when patients were married or in a registered relationship on July 1, 2013. If no information existed on patients on the date of interest, we used their latest status.
Educational level (categorized as basic (primary school)/vocational or upper secondary /further or higher education/unknown). For each patient, the highest completed level of education in 2013 was selected.
Occupational status (categorized as student/ affiliated with the labor marked/short-term welfare payment/long-term welfare payment/disability pension/pension/unknown). Here, "short-term welfare payment" comprises individuals who were temporarily on a social income; for example, because of illness or maternity leave. "Long-term welfare payment" connotes individuals who received a social income for a longer period. "Disability pension" refers to individuals with a permanently reduced working capacity and a permanent social income. "Pension" describes individuals both on a pension and on an early pension. In our cohort, the retirement age was 65 years. The early pension (a self-paid settlement) can be received up to 5 years prior to the official retirement age. Information on this variable is reported on yearly basis and we extracted our data in 2013. Specific chronic disease (categorized as type 1 diabetes mellitus/type 2 diabetes mellitus/heart failure/COPD/asthma/rheumatoid arthritis/ osteoporosis). Patients were categorized into one or more of the disease categories based on information about which outpatient treatment courses they were undertaking at Hospital Lillebaelt on July 1, 2013. Number of outpatient treatment courses (categorized as 1/2+). This was based on the number of specific hospital outpatient treated chronic diseases (out of the seven selected diseases) that each patient was undergoing on July 1, 2013.
Statistical analyses Analyses on the patient level
Patients were categorized as "attenders" if they attended all appointments during the 2 years and "non-attenders" if they missed one or more appointments. We described the patient characteristics of attenders and nonattenders using numbers and percentages and assessed their differences using chi-square tests.
Analyses on the appointment level
We reported non-attendance as a rate in proportion to appointments. We described patient characteristics both for appointments with attendance and for appointments with non-attendance. The outcome was reported in numbers and percentages and the differences were assessed using chi-square tests.
Associations between non-attendance and covariates were investigated using univariate and multivariate logistic regression models, including mixed effects to account for patients with multiple appointments. In the first multivariate logistic regression, we adjusted for age, gender, marital status, education level, occupational status, and specific chronic diseases. In the second multivariate logistic regression, we adjusted for the same variables except for specific chronic disease and we added the number of outpatient treatment courses. We used the Akaike information criterion (AIC) to choose the best model for our primary outcome regression.
All analyses were performed using Stata version 15 (StataCorp, College Station, TX, USA) and p-values of less than 0.05 were regarded as statistically significant.
Ethics
The study did not involve any direct contact with patients or access to patient files. Thus, informed consent or ethical approval were not required [36] . The study was registered with the Danish Data Protection Agency (J.nr. 18/35695).
Results
On July 1, 2013, 46,975 patients were in hospital outpatient treatment at Hospital Lillebaelt (see Fig. 1 : Flowchart of patient inclusion). A total of 5942 of these patients had one or several of the diseases selected for this study. We excluded 47 patients because they did not have any appointments during the study period, leaving 5895 available for analysis.
During the study period, 363 patients died. The mean follow-up time was 1.9 years.
Of the 5895 patients, 65% (3838 patients) attended all their appointments and 35% (2057 patients) missed one or several appointments in the two-year study period. The characteristics of patients with full attendance and patients with one or several occurrences of nonattendance are shown in Additional file 1.
Results at the appointment level
The included patients had a total of 82,898 appointments during the study period, of which 5% (4393 appointments) were not attended (see Fig. 1 : Flowchart of patient inclusion). A total of 195 appointments had occurrences of attendance and non-attendance on the same day; these were categorized as attendances.
The characteristics of patients who attended appointments and those who did not attend are shown in Table 1 . There were significant differences in nearly all covariates between attendees and non-attendees. Those who did not attend appointments were more often young patients (40% vs. 19% aged 18-49 p < 0.001), male (58% vs. 52% p < 0.001), unmarried (53% vs. 42% p < 0.001) and low educated (44% vs. 41% with only primary school education p < 0.001). Retired patients had the lowest non-attendance rate of the occupational groups (31% vs. 53%). Among the specific disease groups, patients with type 1 diabetes (28% vs. 20% p < 0.001) had a higher non-attendance rate while a lower non-attendance rate was seen among patients with rheumatoid arthritis (11% vs. 14% p < 0.001) and osteoporosis (4% vs. 8% p < 0.001).
The results of the multivariate logistic regression are shown in ). There were no specific diseases associated with higher odds of missing appointments.
The secondary multivariate logistic regression (b) showed that patients undertaking several outpatient treatment courses were not significantly different from patients undertaking one outpatient treatment course.
Discussion
This study of patients undergoing routine hospital outpatient treatments for chronic diseases found that 35% of patients had one or more occurrences of nonattendance and 5% of all appointments were not attended. Youth, the male gender, an unmarried status, low educational levels, and receipt of long-term welfare payments were all predictors of non-attendance. We did not find, that undergoing treatment for several chronic diseases simultaneously was a predictor for a higher rate of non-attendance.
We found a 5% rate of non-attendance, a lower rate than the average 23% reported in a newly published systematic review on non-attendance [5] . However, nonattendance rates show large differences across specialties as well as continents. For example, the median rate of non-attendance found by studies in cardiology was 30%, while the median rate was 36% in endocrinology. However, researchers report that some studies define the non-attendance rate as including rescheduled or canceled appointments [5] . This naturally results in a higher rate than when non-attendance is defined only as appointments that have been missed, as we have used in our study. Our results are more consistent with Danish studies. Studies conducted in 2003 on several different Danish hospital outpatient clinics showed variations in non-attendance from 0 to 14%, in average between 3 and 4% [7] . A recent Danish study on radiology and orthopedic clinics likewise showed 4 and 5% nonattendance rates, which were similar to our findings [6] .
We think that the relatively low rate of nonattendance that we found, in contrast to international studies but concurrent with Danish studies, might be explained by factors such as age, geographical distance, and an aspect of culture. Although we found that young age was associated with higher non-attendance rates, confirming the results of other studies [5] , the majority of patients in our study were elderly (77% were 50 years or older) and, therefore, the overall non-attendance rate was lowered. Additionally, distance from the hospital has been associated with higher non-attendance rates [5] , but the majority of patients in Denmark do not reside a long distance from the nearest hospital; for instance, in the hospital in our study the maximum travel time was 1 h by car. Further, in Denmark we have a good public transport system. The Danish study on radiology and orthopedic clinics included travel time in their investigation and found no association with higher nonattendance rates [6] .
We suspect there may be a cultural aspect to these findings as well, in that Danes, for the most part, either attend or give notice when they have an appointment. We find it notable that Danish patients are not charged a fee for non-attendance, and at the time this study was conducted, neither did they receive a reminder about appointments prior to the day of attendance.
We found several significant predictors for nonattendance. Our findings are concurrent with the systematic review by Dantas and colleagues that showed that young age and low socioeconomic status are predictors for non-attendances [5] . With regard to gender and marital status the review showed that the majority of studies did not find any statistical differences between these factors in relation to non-attendance. However, the few studies that did find a difference, are concurrent with our findings, that male gender and unmarried status are predictive factors for a higher non-attendance rate.
The novel finding of this studythat patients undertaking several outpatient treatment courses do not have higher rates of non-attendanceis surprising as we hypothesized that patients with several hospital outpatient treated diseases may have several appointments to keep in different clinics, and therefore, would require a higher degree of coordination, which could cause a greater rate of non-attendance. Our finding contradicts this, and we reflect that patients treated for long-term chronic diseases may be used to the routine of attendance. It can be the on-going relation with the health care team that nurses them to come or maybe their diseases are more severe and medical assistance such as medicine adjustments are required more often and motivates this patient group to show up.
Strengths and limitations
Our study has important strengths. First, it included all patients undergoing hospital outpatient treatment for the selected diseases at Hospital Lillebaelt. Secondinformation from other registries for all patients was available because of the unique identification number. Third, the diagnoses in NPR are generally of high validity [31] . Of the diagnoses we included, only osteoporosis has not been validated in a hospital outpatient setting. The positive predictive value (PPV) for each of the other diagnoses is as follows: type 1 diabetes and type 2 diabetes (PPV = 96.0 (86.5-98.9)), heart failure (PPV = 100 (92.9-100)), COPD (PPV = 100 (92.9-100)), asthma (PPV = 65.3 (62.2-68.3)), and rheumatoid arthritis (PPV = 98.0 (89.5-100)) [31] . Third, we had a large study sample including patients from different hospital clinics.
However, there are also some limitations to our study. First, it is based on administrative data. As all attended appointments are financially reimbursed by the government, we presume that the data are complete. In contrast, appointments without attendance are not financially reimbursed, and although there is a policy at Hospital Lillebaelt of documenting non-attendance, we cannot be sure, that it is always registered correctly. A limitation is also the possibility of non-attendance being caused by hospital admission, though admissions are often known in the documenting process of nonattendance. Further, the database of Lillebaelt does not record missed appointments that would have provided the first contact for a new outpatient treatment course. This possibly introduced a component of measurement bias to the study, resulting in the under-or overestimation of the reported rate. However, the predictors would presumably have remained unaffected, as the bias would have been equally distributed within the groups of attendees and non-attendees, thereby retaining their proportions. Additionally, we chose to categorize information on patients who attended an appointment and missed an appointment on the same day under attended appointments. As this was the case for only 195 appointments, it could not have biased the results. Nonetheless, a limitation can be found in that the collection of information on predictors was extracted on July 1, 2013, thereby earlier than the actual appointments. This may have resulted in an under-or overestimation of the "number of outpatient treatment courses." We presume that variations in the other predictors have not greatly affected the overall results as they are unlikely to have varied significantly over the two-year study period. While we set out to investigate the effect of having multiple chronic diseases on the rate of non-attendance, we only investigated diseases treatment at hospital outpatient level. Patients may have other chronic diseases that they undergo treatment for in primary care. Therefore, we can only investigate the effect of having multiple chronic diseases at a hospital outpatient level.
In this study we investigated factors we could extract from the administrative system which do not contain information on patient reported outcome measures. Information regarding the patient's perception could be investigated by means of qualitative interviews. We did not investigate if visits were in the form of face-to-face meeting, telephone consultations or other kind of telehealth communication which could have been relevant for subgroup analysis. Furthermore, it was not possible to divide appointments based on their purpose, e.g., acute appointment; evaluate a medication dosage change; routine follow-up to monitor chronic conditions; etc. which is a limitation.
Finally, hospital Lillebaelt has a rural and urban catchment population that covers 5% of the Danish population, but other Danish hospitals may differ in catchment population. However, overall we find our conclusions applicable to other Danish hospitals and health-care systems like the Danish.
Clinical implications
This study showed that Danish patients with chronic diseases miss one in every 20 appointments (5%). A major part of hospital outpatient activity involves patients in treatment for chronic diseases and nonattendance by members of this group is very inefficient for the hospital. Further, perhaps especially for patients with chronic conditions, continuity of care is an important aspect and non-attendance interrupts this continuity. Therefore, we argue that a further reduction in the nonattendance rate is important.
The results from our study on chronic patients in hospital outpatient clinics can be made operational in a number of ways. Knowledge about predictors for potential non-attenders can assist in targeted interventions; for example, studies on outpatient reminder systems have shown that they reduce non-attendance [12, 37] . In a hospital were such a system has been implemented it is relevant to investigate to what extent this affects nonattendance rates among chronic patient groups.
In this study we investigated the extent of nonattendance for patients in long-term treatment and some factors for non-attendance. Information regarding mechanisms on why these patients do not attend their appointments by qualitative methods should be obtained e.g., if non-attendance is caused by forgetfulness a reminder system could help, but patients may miss appointments for other reasons that are important to discover if we wish to find better ways to organize their treatment courses. A final note on the clinical implication of this study regards the clinical relevance of the prognostic factors. We find our results robust because of the relatively large sample size. It is however for the interested clinic or hospital management to decide which prognostic factors are of clinical relevance which will depend on factors such as context and population size.
Conclusion
In conclusion, our study showed that among the group of patients in hospital outpatient treatment for chronic disease one in every 20 appointments (5%) resulted in non-attendance. We found several predictors for nonattendance including youth, male gender, unmarried status, low educational level, and the receipt of long-term welfare payments. We found no specific patient groups associated with a higher non-attendance rate. Neither did patients treated for several chronic diseases have a higher rate of non-attendance than patients in hospital outpatient treatment for a single chronic disease. As continuity of care is important for patients with chronic diseases and non-attendance is inefficient for the health care system our findings can be used to assist in targeting groups for interventions to reduce the nonattendance rate. Nonetheless, further research on why these chronic patients miss appointments is required.
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